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GOLDEN GATE BRIDGE SEISMIC RETROFIT PHASE II
The majestic Golden Gate Bridge spans the only Pacific Ocean entry to the San Francisco Bay and sits between

two major earthquake faults, the San Andreas Fault seven miles to the west and the Hayward Fault ten miles to
the east. The Bridge is the only direct transportation link between the San Francisco Peninsula and counties of
the vast Redwood Empire to the north. Its importance cannot be overstated. Interruption of its annual 40 million
vehicles traffic flow across the Bridge would result in extreme losses to the region’s economy. The Bridge is a
worldwide recognized symbol of United States engineering and outstanding bridge architecture, visited every
year by more than 10 million tourists from all over the world.

The Golden Gate Bridge Seismic Retrofit Phase II, South Approach Structures Project encompasses the
structural retrofit of five structures at the south approach: the south approach viaduct, south anchorage housing,
two south pylons, and the Fort Point arch. These structures are located at the edge of the Pacific Ocean and
directly adjacent to and over the historic Fort Point, built in 1800s. The Golden Gate Bridge Seismic Retrofit
Project is being undertaken in three phases. The first phase retrofitted the north approach structures and was
completed in spring 2002. The third and final phase will seismically retrofit the north anchorage housing and
associated pylons and the main span and towers.
The Phase II Project is the most complex part of the Golden Gate Bridge Seismic Retrofit in terms of design and
construction. It is an undertaking of magnitude and complexity that can only be compared to the original Bridge
construction. The Bridge was originally designed to withstand lateral forces of approximately 7.5% self-weight.
The Phase II Project design criteria required that the retrofitted structures withstand an earthquake imposing
lateral forces of up to 68 % to 220% of the structure’s self-weight. The retrofit techniques used—many of which
had never before been employed—greatly decreased the magnitude of earthquake-induced forces in the
structures, which significantly reduced the extent and cost of the retrofit. Design details were configured to fit
the highly variable, originally constructed details without altering the Bridge’s aesthetic values. The retrofit
design was a combination of sound, practical, and innovative engineering with attention to constructability
under continuous traffic. Its construction has been completed under budget.
Phase II was built in the harsh marine environment where dense fog, strong winds and crashing waves are the
norm. Great attention was given to minimize construction impacts on the surrounding environment.
Construction operations and materials delivery were staged for continuous flow of vehicular, pedestrian, and
bicycle traffic across the Bridge and on the narrow roads of the surrounding Golden Gate National Parks.
Platforms installed on the arch shielded Fort Point from damage. Construction workers were shuttled to the site
to minimize construction traffic impacts on local roads.
The centerpiece of the Phase II retrofit was the strengthening of the two massive 220-foot-tall hollow concrete
south pylons. The pylons were amended so they could dampen seismic energy through rocking motion. Pylon
foundations were fortified by expanding their depth by 20 feet upwards and by anchoring each pylon to the
bedrock with 150-million pound capacity tie down system drilled to a depth of 100 feet. Pylon walls received an
“armor” of 5.5 million pounds of interior and exterior steel plating spliced with over 7 miles of welds. The
exterior and interior plates were tied with 30,000 steel rods inserted in holes cored through the concrete pylon
walls. Finally, a concrete cover with a rough lumber architectural finish was cast over the exterior plating to
replicate the original concrete surface of the pylons.
The steel Fort Point arch structure was modified into a huge energy damping element. Designed specifically for
this application, the Uplift Guides with 1-inch vertical uplift capacity and the Impact Force Reducing Devices
were installed at the arch bearings, and the Energy Dissipation Devices that use abrasive friction were placed at
the interface with the south pylons to disperse the shaking energy of the arch. The original riveted connections
of the arch were enlarged and transformed into modern bolted connections. Steel members were strengthened
with tons of added steel. This “surgical” work was done according to special details engineered to preserve the
structure’s integrity and capacity to carry traffic at all times. To complete the system, “breakaway” seismic
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isolation joints were constructed in the roadway deck at each end of the arch to enable the arch to move
independently from the adjacent pylons during an earthquake.
Another complex undertaking was total replacement of the ocean-facing 235 feet long and 90 feet tall west wall
of the south anchorage housing. The new wall was cast in forms that replicated the original rough lumber finish.
In all, the anchorage housing underwent extensive internal retrofit. The south viaduct was transformed into a
modern steel structure. The supporting steel towers and bents and the bottom lateral bracing were completely
removed and replaced. To replicate the original laced look of the structure, new steel members with laser cut
lacing-like perforations were designed, fabricated, and erected. Isolation bearings were installed atop the new
towers and bents, and the “breakaway” seismic isolation joints were installed at both ends of the viaduct.
The Golden Gate Bridge Seismic Retrofit Phase II was named the recipient of the 2007 Outstanding Civil
Engineering Achievement (OCEA) Award by the American Society of Civil Engineers on April 25, 2007.
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